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I • INTRODUCTION 
The number of cattle produced and slaughtered in the United States 
fluctuates over time . Variations in the number of cattle marketed can be 
classified as (1) daily, (2) weekly, ( 3) seasonal (monthly or quarterly), 
and (4) cyclical . The amount of variation depends upon such factors as 
weather, feed supplies, current and prospective prices. Very important is 
the fact that sales cannot long be delayed once the animals are read y for 
the market. Hence the marketings of individual fa r mers cannot be speeded 
up or slowed down over an appr eciable length of time . 
Since the cattle slaughtering industry must be prepar ed to slaughter 
the number of cattle marketed, the capacity of the slaughtering industry 
must be adequate to handle the peak volume of produc t ion or marketings . 
The fluctuations in the numbe r of cattle marketed thus r esult in the 
existence of excess capacity in the non- peak volume time periods . 
The regional variations in cattle slaughter output and capacity 
utilization ar e also substanti al. Regional variations are caused by such 
facto r s as differences in distribution of livestock production and of 
human population, climatic conditions, and availability of adequa te labor 
supply. 
In view of the fact that beef is a very important meat item in the 
diet of the United States people, irrespective of the regions t hey live in 
or the time of the yea r , it is very important to analyze the amount of 
variations that exist from time to time and determine the surplus and 
deficit margins that exist in the regions. Such an ana lysis will elucidate 
how the cattle slaughter industry adjusts to these variations over time. 
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The general purpose of this study is to analyze the variations in 
cattle slaughter output and capacity utilization based on the daily 
slaughter volume data supplied by the Meat Inspection Division (MID) of the 
U.S . Department of Agriculture. 
A. Objectives of Study 
The specific objectives of this research are : 
(1) to estimate regional slaughter capacities and their utili za tion, 
using the data suppl i ed by the MID of the U.S . Department of Agriculture; 
( 2) to compare my result with those of a similar study of Ri zek ~ ~· 
(34) for 1960; 
(3) to investigate and discuss the variations in cattle slaughter 
output and capacity utiliza tion among the plants, f rom fi rm to firm, and 
among the regions; 
(4) to identify the factors which affect a plant ' s utilization of 
cattle slaughter capac ity; and 
(5) to discuss how the industry has adjusted itself to fluctuations 
in the supply of raw material (cattle) and the relatively steady consume r 
demand for beef . 
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II . SOURCES OF DATA 
A. Main Data 
The main data used were supplied by the Meat Inspection Division (MID) 
of the United States Department of Agriculture (U.S.D.A.). This was a 
r ecord of the daily livestock slaughter by the fede rally- inspected slaughter 
plants for a period of two and a half years, January 1, 1968 through 
June 30, 1970 . The source did not distinguish the plants slaughtering 
cattle only from those slaughtering other species in addition, nor from 
those that did not slaughter cattle at all . 
1 . Cattle slaughter plants 
According to the U.S.D .A. classification (44), the number of plants 
slaughtering cattle would be the sum of those slaught ering cattle alone or 
in combination with other species. 
A published report of the U.S .D .A. (44) gave the number of federally -
inspected cattle slaughter plants in 1969 as 614 . Although they were only 
19% of the total commercial cattle slaughter plants r eported, fede r al l y -
inspected plants produced 88% of the total commercial cattle slaughter 
volume in 1969 . 
The M.I.D. data gave a record of 665 cattle slaughter plants as 
defined above. So as to be consistent with the U.S.D .A. published report, 
the number of the cattle plants on the given data was reduced by the 
following procedure . 
a. Criteria for e limination of small plants I have elimi nated f r om 
the main data plants that (1) slaughtered for less than 22 days in the year; 
(2) had less than 300,000 pounds liveweight slaughter output ; and (3) had 
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less than 1% of their annual capacity utilized. 
For a plant to be actively engaged in slaughtering a livestock 
species, it should slaughter that species for at least a month in a 
year. After subtracting weekends and public holidays, a month is 
approximately 22 days. Criterion (2) is used because the U.S.D .A. reports 
usually exclude plants with less than 300,000 pounds liveweight slaughter 
in their enumeration . 
The main data included the only federally-inspected cattle slaughter 
plant in Hawaii . The plant was excluded from the present analysis because 
the conversion ratio of its livestock slaughter to a liveweight basis was 
not available . Besides, there was no federally-inspected plant in Hawaii 
in 1960. Thus, the comparison of the regional changes were not affected. 
Nevertheless, in 1968 the plant in Hawaii slaughte r ed 24,591 head of 
cattle in 214 days . In 1969, it slaughtered 25,672 head of catt l e in 218 
days; and for the first half of 1970, it slaughtered 8,574 head of cattle 
in 78 days . 
B. Supplementary Data 
Often in this study, analysis extended beyond federally-inspected 
cattle slaughter. In such cases the given data were supplemented with 
data from other sources, usually from the published reports of the U.S.D.A. 
The total commercial cattle slaughter data used in estimating 
regional slaughter capacities, the number of cattle slaughter plants , 
the data for the dummy variables used for the regression on plant capacity 
utilization and those for the variables used for the regression on monthly 
slaughter output were extracted from several U.S. D.A . published reports. 
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The specified public holidays in the year were from the Bureau of 
Labor Statistics journal. The specified holidays were: New Year's Day, 
Washington ' s Birthday, Decoration Day, Fourth of July, Labor Day, Armistice 
Day , Thanksgiving Day, Christmas Day, and an unspecified holiday (as 
from 1969). 
The number of work days in the week, month or year used in this 
study were actually calculated from the calendar . 
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III . ANALYTICAL PROCEDURE 
A. A Brief Discussion of Concepts and Measures of Capacity 
Basically there have been two appr oaches to capac ity measurements . 
One is through surveys, the other through capital stock and its relation-
ship to output. What ever approach is used, there ar e many and different 
concepts and measurements of capacity . 
Phillips (33) app r aised five different measures of capacity . These 
were those of the McGraw-Hill Department of Economi cs , the National 
Industrial Confere nce Board, ' Fortune ' Magazine, the Whar ton Schoo l of 
Economet rics Unit, and the Division of Resear ch and St a tistics, Feder a l 
Reserve System . 
1 . McGraw- Hill Departmen t of Economics 
The McGraw-Hill capac ity measures we r e derived f rom their Annual 
Surveys of Business' Plans for New Plants and Equipment and no effort was 
made to define capacity. They a llowed companies to set their own 
definit ions by following " a common sense definit ion of capacity, such as 
maximum output unde r normal work schedule . '' However they tried to deter mine 
capacity by comparing "physica l vo lume" in one yea r with the pr eceding yea r . 
They also compar ed the r ate a t which a company was operating at the end of 
the yea r with the r at e they would "prefer to opera t e " . 
Phillips criticized McGraw -Hill method on the gr ound that f ul l 
capacity utilizat ion should be r eported as 100 percent regardless of the 
fact that some processes wer e not fully utilized . Hence he said tha t 
capacity did not mean simply the "maximum output under nor mal wor k 
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schedules". 
2. National Industrial Conference Board 
The capacity estimates of the Conference Board were developed from 
capital-output ratios. The capital-output r atios computed were examined 
fo r cyclical peak periods and the one which indicated "virtually full 
capacity" utilization was selected as capital - capacity output ratio . 
A shortcoming of this approach was that the constant dollar terms of 
capital stock values--depreciated or undepr eciated -- posed a difficult 
problem . Whatever deflation procedure was used, differ ences in the final 
deflators for several industries arose because of differences in average 
life . 
3 . Whar ton School Econometrics Unit 
The Wharton School capacity measures were developed by averaging into 
qua r terly figures the seasonally adjusted monthly values for each of 
thirty subdivisions of the Federal Reserve Board Index of Industrial 
Production. The quarterly figures were charted, and peaks in each of the 
ser ies were selected by inspection . Each peak was defined as "capacity". 
While Phillips (33) appraised this method as quick and easy , Klein and 
Preston ( 26) critici zed it on the ground that it was possible for the peak 
to have occurred when the firm was actually operating less than full 
capacity, as could be the case in a recession . 
Phillips' appraisal of the method used by 'Fortune ' Magazine in 
estimating capacity will not be presented in this study because as 
Phillips himself put it, " the published r esults ar e so scanty and the 
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relations to capacity measurements so vague that t his work is not 
consider ed " in his app r aisal . 
The Division of Reserve and Statistics of the Federal Reserve Board 
had two separate measu r es of capacity and the degree of its utilization . 
Phillips described the indexes used in the fi rst me thod as having limited 
scope. The second of the Federal Reserve ' s capacity measure was an 
extension of the McGraw-Hill measure of capacity, which was already 
discus sed above. 
The five measur es of capacity appraised by Phillips (33) exc luded 
many important measures attempted by others. Most of them have, however, 
been discontinued . Many trade associations and many r esearcher s are still 
develop i ng est imates of capacity measures for nationa l and business 
planning and r e source management. 
In the present r esearch, I have used measures of capacity and its 
utili zation as developed by Ri zek ~ .!1· (34) . This is because of t he 
comparison I made between the r es ults of their 1960 study and the present 
study on regional cattle slaughter output and capacity utilization . Hence 
their method is discussed in detail be low. 
4. Capaci ty measures of Rizek, Judge and Havlicek 
The continental United States was partitioned into twenty - six 
geogr aphical regions. States we re the smallest geographic a l units for 
which data were available. Ther efor e , each r egion was composed of one or 
more whole states. 
Aggregation of states into regions was determined by the degree of 
homoge neity in terms of cattle production and concentration of beef de mand 
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in the major population centers . Hence, major slaughter livestock 
producing states each constituted a region whereas other regions were 
composed of two to six states. The regional demarcation is presented in 
Table 1 . 
Ri zek ~ ~· (34) derived the regional slaughter capacities for 
federa lly - inspected plants by multiplying the hourly capacit i es of each 
r egion in 1960 by the total number of hours worked that year . They 
obtained the hourly rated slaughter capacities of each state from 
unpub l ished data provided by the Meat Inspection Division of the U. S . 
Department of Agriculture. The total hours worked were derived by 
multiplying the hours worked each day by the number of days wor ked. 
Since data compar able to that obtained for the federa l ly- inspected 
plants were not available for the nonfederally-inspected plants, they had 
to estimate the slaughter capac i ties of these plants . The capacities were 
estimated in the fo l lowing manner . 
(1) Regional volumes of slaughter of cattle in nonfeder ally - inspected 
plants were obtained by subtracting monthly, or weekly, when availab l e , 
federally - inspected slaughter from total commercial slaughter . 
(2) The hourly rated capacities of nonfederally- inspected plants were 
then obtained by dividing the monthly or weekly nonfederally-inspected 
volume of slaughter by regions by the number of hours wor ked in the 
various regions. 
(3 ) The highest monthly hour l y rated capacity of each region was 
assumed to be 100% of capacity and these were then expanded to obtain the 
yearly slaughter capacity . 
10 
Table 1 . Regional demarcations 
Regions States 
1 Connecticut , Maine, Massachusetts, New 
Hampshire, Rhode Island, Ver mont 
2 Delaware, Maryland, New Jersey, New York , 
Pennsy lvania , Washington, D.C. 
3 North Carolina, Virginia, West Virginia 
4 Florida 
5 Georgia , South Carolina 
6 Alabama, Mississ ippi 
7 Kentucky, Tennessee 
8 Ohio 
9 Indiana 
10 Michigan 
11 Illinois 
12 Wisconsin 
13 Arkansas, Louisiana 
14 Missouri 
15 Iowa 
16 Minnesota 
17 Oklahoma, Texas 
18 Kansas 
19 Nebraska 
20 North Dakota, South Dakota 
21 Colorado 
22 Montana, Wyoming 
23 Ari zona, New Mexico 
24 Idaho, Nevada , Utah 
25 California 
26 Oregon , Washington 
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The es timat es of capacity in both the federally and oonfederally -
inspected plants were based on a 7.2- hour work day, 5-day work week, and 
a 252-day work year. Thus .8 hour a day was expected to be used for 
clothes changing, equipment preparation, etc . Saturdays, Sundays and 
public holidays were nonwork days; and any work done outside these were 
cons ide r ed as over-time . 
The combined regional estimated capacities for federally and non -
federally-inspected plants for 1960 for cattle on a liveweight basis are 
presented in Table 6 . The actual cattle slaughter volumes and the percent 
of capacity utilized by the regions are also shown in Table 6. 
B. The Definition of Capacity 
The definition of capacity varies with individuals, firms, and 
industries. 
As used in this study, work at full capacity is defined as full time 
work . In particular, a plant slaughter s cattle at full capacity if it 
maintains its daily rated slaughter capacity throughout the work days. 
Work days exclude all Saturdays, Sundays and federal public holidays. 
Where there are r ecor ds of number of hours worked, work at full capacity 
would imply that the plant maintains its hourly rated capacity for 
approximately 7.2 hours in a work day. 
All other things being equal, working for less than 7 . 2 hours on a 
work day and/or not working on a work day would result in under-utilization 
of capacity . On the other hand, working for more than 7.2 hours on a work 
day and/or working on a nonwork day would result in over-utilization of 
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capacity, all other things being equal. 
The computations of daily rated capacity are presented in the next 
section. 
C. Estimating Cattle Slaughter Capacity and Its Utilization 
The data available for the present analysis was much more restricting 
than those used by Rizek ~ .!!..h· (34). In the 1969 data that I used, the 
number of hours worked each day was not recorded but the slaughter volumes 
by plants were recorded daily. Therefore, I developed the estimates of 
capacity on a daily basis and not on an hourly basis as was developed by 
Rizek et 21· (34). Rizek et .!!..h· (34) also obtained the hourly rated 
slaughter capacities of each state from unpublished data provided by the 
Meat Inspection Division of the U.S.D . A., hence they were able to aggregate 
from the data the regional slaughter capacities of the federally-inspected 
plants. Similar data were not available from the Meat Inspection Division 
of the U.S.D.A. for 1969 . Therefore, to obtain estimates of regional 
slaughter capacities for FIS and nonFIS I adapted the method used in 
developing estimates for nonFIS capacities. 
1. Federally-inspected slaughter (FIS) 
The livestock industry operates a five day week. After deducting 
weekends and public holidays, there are approximately 252 work days a 
year. 
a. Plant capacity and its utilization derivation If Vmj = total 
federally-inspected slaughter volume in month m by plant j by summing the 
daily figures into monthly figures 
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m 1, 2, ... , 12, 
Dmj number of days worked in a month by plant j 
Y . = DVm~ = average daily output in month m by plant j 
IDJ IDJ 
Y'mj = the highest monthly output based on the daily average 
(highest of the Ymj's) for plant j: 
Cj = 252 x Y'mj, i.e., the annual estimate of slaughter capacity 
for plant j . 
X. 
J 
12 
r 
m=l 
s . = c. 
J J 
x. 
v . 
mJ 
x. 
J 
= actual volume of cattle slaughter by plant j for 
the year. 
excess capacity of plant j. 
u. = ....J.c x 100% 
J . 
percent of cattle slaughter capacity utilized 
J 
by plant j. 
b. Regional slaughter capacity and its utilization The estimated 
capacities and actual outputs of the plants were aggregated to get the 
regional capacities and actual outputs, 
for j = 1, 2, ... , n where n is the number of plants in region r, 
x 
r 
c = r 
n 
r 
j=l 
n 
r 
j=l 
X. = actual annual slaughter volume in region r. 
J 
C. = 100% of annual slaughter capacity in region r. 
J 
x 
r 
U = ~- x 100% = percent of annual slaughter capacity utilized 
r C 
r 
in r egion r. 
A basic assumption in developing the above models was that all the 
plants slaughtered cattle for equal length of time on all the days they 
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slaughtered cattle. In actual fact, the number of hours devoted to cattle 
slaught er would vary from plant to plant and from time to time . However, 
limited by the absence of data on hours worked, the concept of "daily rated" 
capacity taken into account should make the results as consistent as 
possible. 
It is also worth noting that not all the plants worked 252 days a 
year. Some new plants might have entered the industry in the last few 
months of the year while others which operated at the beginning of the year 
had either become defunct or quit federal inspection before the end of the 
year. For such plants, their estimated capacities might have been blown 
up. On the other hand, those plants which worked on weekends tended to 
be over-utilizing their capacities. 
2. Nonfederally-inspected slaughter (NonFIS) 
I estimated the slaughter capacities for the nonFIS plants as 
described below . 
1. I subtracted the FIS monthly output by regions from total 
commercial output to obtai n the monthly nonFIS cattle slaughter output by 
regions. 
2. Each element of the resultant matrix was divided by the 
respective number of work days calculated for each month (thus giving 12 
daily averages for each region). 
3. I then picked the highest daily average for a region and used 
this as the daily rated capacity for the region. 
4. For each region, I multiplied the daily r ated capacity by 252 to 
obtain the regional estimated capacity for the nonFIS plants. 
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3. Total commercia l cattle slaughter capacity and utilization 
To estimate the annual total commercial cattle slaughter capacities , 
the estimated capacities of both federally-inspec ted and nonfederally-
inspected plants were added for the respective regions. The actual cattle 
slaughter volumes for the states (42, p. 91) were aggregated to get the 
regional actual slaughter volumes. The ratio of the regional actual 
slaughter volume to estimated regional capacity was defined as the annual 
capacity utilized by the regions. 
D. Comparison of Va~iations 
The coo~arison of the variations among the single-plant firms and the 
variation among the multi-plant firms follows a "test of the equality of 
two vari ances" as outlined by Snedecor (37). His method is quoted below . 
"The null hypothesis is that S~ and s; are independent 
2 random samples from normal populations with the same variance o . 
In situations in which there is no prior reason to anticipate 
inequality of variance, the alternative is a two-sided one; 
2 2 2 0
1 f o2 . The t est criterion is F = S /S 2 , where S 1 is the larger 
mean square. 
Often a one-tailed test is wanted, because we know in 
advance of seeing the data, which population will have the 
higher variance if the null hypothesis is untrue. The numerator 
f F · s 2 · f o o · h 1 · d 2 · £ o 0 is 1 i 1 > 2 is t e a ternative, an s2 i 02 > 1 
is the alternative." 
E. Regression Analysis 
Multiple regression analysis will be used to identify the factors 
which influence the plant's utilization of cattle slaughter capacity. 
According to Draper and Smith (12), in a multiple regression 
analysis, two opposed criteria of selecting a resultant equation are 
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usually involved: 
(1) to make the equation useful for predictive purposes, the model 
should include as many explanatory variables as possible so that reliable 
fitted values can be determined; 
(2) because of the costs involved in obtaining information on a 
large number of explanatory variables and subsequently monitoring them, 
we should like the equation to include as few explanatory variables as 
possible. The compromise between these extremes is usually called 
'selecting the best regression equation'. 
In trying to select the best regression equation, Draper and Smith 
discussed the following procedures (12) 
1. all possible regressions 
2. backward elimination 
3. forward selection 
4. stepwise regression method. 
Draper and Smith (12), having discussed all the four procedures, 
concluded that the stepwise regression procedure was the best of all the 
variab l e selection procedures and they recommended its use. I have 
therefore used this procedure in identifying the factors which influence a 
plant's utilization of cattle slaughter capacity. Since the stepwise 
regression procedure is an extension of the forward selection procedure 
both procedures are outlined below. 
l. The forward selection procedure 
This method attempts to insert variables in turn until the regression 
equation is satisfactory. The order of insertion is determined by using 
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the partial correla t ion coefficient as a measure of the importance of 
variables not yet in the equation. First we select the independent 
variable, X, most correlated with the dependent variable, Y, (suppose it is 
A 
x
1
) and find the first-order, linear regression equation Y = f(X1) . We 
next find the partial correlation coefficient of X. (j 1 1) and Y (after 
J 
allowance for x
1
). The X. with the highest partial correlation coefficient 
J 
with Y is now selected, (suppose this is x
2
) and a second regression 
~ 
equation Y = f(x
1
, x
2
) is fitted. This process continues. After x1 , x2 , 
... , X are in the regression the partial correlation coefficients are the 
q 
correlat ions between (a) the residuals from the r egression Y = f(x 1, x2 , 
~ 
... , xq ) and (b) the residuals from a regression Xj = fj(X1 , x2 , . .. , Xq) 
(j > q). As each variable is entered into the regression we examine the 
values of (i) R
2
, the multiple correlation coefficient, and (ii) the 
partial F-test value for the variable most recently entered, which shows 
whether the variable has taken up a significant amount of variation over 
that removed by variables previously in the regression . As soon as the 
partial F-value related to the mos t r ecently entered var iable becomes 
nonsignificant the process is terminated. 
2. Stepwise r egression procedure 
This method is an improved version of the forward selection procedure . 
The improvements involve the re -examination, at every stage of the 
regression, of the variables incorporated into the mode l in previous stages. 
A variable which may have been the best single variable to enter at an 
earlier stage may, at a later stage, be superfluous because of the relation -
ships between it and other variables now in the regression. To check on 
18a 
this, the partial F criterion for each s t age of calculation is evaluated 
and compared with a preselected percentage point of the appropriate F 
distribution. This provides a judgment on the contribution made by each 
variab l e as though it had been the most recent variable ente red , 
irres pect ive of its actual point of entry into the model. Any variable 
which provides a nonsignificant contribution is r emoved from the mode l . 
This process is continued until no more variables will be admitted to the 
equations and no more a r e rejected. 
Of all the variable s e l ection procedures discussed, Drape r and Smith 
t hough t the s t epwise regr ess ion procedure to be the best and they 
recommended its use . 
18b 
IV. EMPIRICAL RESULTS AND DISCUSSION 
A. Cattle Slaughter Output, Capacity and Utilization 
I used the procedur es outlined in the previous chapter to deve lop 
estimates of capacity and it s utilization fo r the fede rally-inspe cted 
cattle slaughter plants. The capacity estimates for the plants were 
agg r egated to ge t the estimates o f r egional capacities and their 
utili zations, both for the federally - inspected catt l e slaughter and tot al 
commer cial cattle slaughter. 
1 . Fede rally-inspected cattle s l aughter 
a . Plant basis As shown in Table 2, t he estimated cattle slaughter 
capacit y averaged 56.6 million pounds (liveweight) for a federally-insp ect ed 
cattle s laughte r plant. The s laught e r capacities of the plants ranged f rom 
1.1 million pounds to 585.8 million pounds. Actual cattle slaughter output 
averaged 55 . 5 million pounds pe r plant with a range of 0.3 million pounds to 
416 . 5 million pounds . Utili zat ion of ca ttle slaugh ter capacity averaged 
79.9 percent per plant, with a r ange of 1.1% to 115.8%. It is evident f rom 
the t able that plant output and it s utilization of capacity were quite 
independen t. 
The number of plants and the frequency distribution of their capacity 
utiliza tion is presented in Table 3 . In Iowa , for inst ance, out of a total 
of 25 federally - inspected cattle slaughter p lants, 8 of them fully utilized 
or over-utilized their capacities, 8 used between 90 and 99 percent of their 
capacities, 8 utilized between 60 and 89 percent of their capacities while 
only one plant used below 60% of its cattle slaughter capacity . 
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On the whole, 9.5% of all the federally-inspected cattle slaughter 
plants fully utilized or over-utilized their capacities, 35 . 1% of the plants 
used more than 90% of their capacities and 76% of the plants used more than 
70% of their slaughter capacities. Only about 15% of the plants utilized 
less than half of their capacities . 
b. Regional basis The r esults of the regional analysis for the 
federally-inspected cattle slaughter plants are present ed in Table 4. The 
federally-inspected slaughter plants had 31 billion pounds (liveweight) of 
cattle slaughter output out of a total commercial cattle slaughter of 35 
billion pounds for the who l e of continental United States in 1969 (Tables 4 
and 7). The estimated cattle slaughter capacities of the federally -
inspected plants totalled 36 billion pounds. On the whole, 86.4% of their 
capacities was utilized in 1969. 
The central regions had more than two-thirds of the total federally-
inspected cattle slaughter output. This r ef lects the fact that beef cattle 
production is heaviest in a belt running from north to south through the 
center of the country, and nearness to source of raw material is a very 
important determinant in the location of a slaughter plant . 
The largest beef production was in regions 19 and 15 (Nebraska and 
Iowa). These regions had 4 . 3 billion pounds and 4.2 billion pounds of 
cattle slaughter output r espectively. The federally - inspected cattle 
slaughter plants in region 25 (California) had over 3 billion pounds of 
cattle slaughter output . Beef production was least in region 3 (Virginia, 
West Virginia and North Carolina), although this reg ion utilized 86.6% of 
its cattle slaughter capacity. This percentage was about the regional 
23 
Table 4 . Federally-inspected cattle slaughter (liveweight) output, 
estimated slaughter capacity and capacity utilized, 26 r egions, 
1969 
Estimated Actual Per cent of 
capacity slaughter capacity 
Regions (1,000 lb.) (1,000 lb.) used 
1 178,785 154,852 86.6 
2 1,623,678 1,293,549 79.7 
3 80,808 70,176 86.8 
4 333,886 284,897 85.3 
5 571,144 182,828 84.4 
6 499,663 377, 768 75.6 
7 781,444 646 , 897 82 . 8 
8 1,185,150 845,940 71.4 
9 504,322 447,968 88.8 
10 210,401 147,341 70.0 
11 1,254,557 1,236,222 98.5 
12 1,342.656 1, 258,267 93.7 
13 220' 510 174,249 79. 0 
14 1,559,455 1,491,073 95.6 
15 4,316,110 4,125,901 95 . 6 
16 2,098,297 1,878,938 89 . 6 
17 3, 367,628 2,767,842 82 . 2 
18 1,788,022 1, 522,225 85 . 1 
19 4,594,894 4,255,623 92 . 6 
20 981,378 838,813 85.5 
21 1,942,376 1,739,072 89 . 5 
22 213,019 175,684 82 . 5 
23 775,112 690,948 89 . 1 
24 651,242 569,659 87 . 5 
25 3,905 ,147 3) 110 , 952 79 . 7 
26 1,028,701 828,165 80.5 
Total 36,008,386 31,115,849 86.4 
24 
average of capacity utilization. 
Utilization of cattle slaughter capacity was highest in the Corn Belt 
regions. Region 11 (Illinois with 98.5%) 3lmost uti l ized all i t s capaci t y. 
Regions 12 (Wisconsin), 14 (Missouri) , 15 (Iowa) and 19 (Nebraska), each 
utilized over 90% of its capacity . Out of a total of 55 catt l e slaughter 
plants that over- utilized their capacities in 1969 (Table 5), 44 of them 
wer e in t he central regions. These were regions 8, 11 , 15 , 16, 19, 20, 14, 
18, 7 and 17 . Only 4 of the plants were in the Atlantic regions, while 5 
were in the Mountain r egions . The r emaining 2 were in Ca l ifor nia . 
Nevertheless, the regions with the least percentages of capacity utilization 
were also i n t he central regions . These were r egion 8 (Ohio wi t h 71 . 4%) 
and r egion 10 (Michigan with 70%) . I ncidentally, the plant wi t h the least 
pe r centage of capacity uti l ization of 1. 19% was in the state of Michigan . 
On the whole, there was very little variation in the percentages of 
cattle slaughter capacity utilized by the regions . The two lowest 
pe r centages were 70 and 71.4 Five regions had over 90% utilization of 
capacity . Most of the regions utilized between 80 and 90% of their cattle 
slaughter capacities . 
Though the highest percentages of capacity utilization were in the 
central regions whe r e most of the beef cattle are raised, the pattern of 
variation in regional utilization of capacity did not coincide with the 
pattern of livestock production . This might have followed from the fact 
that, in l ocating their plants, the meat packers considered not only the 
source of supply of l ivestock but also the demand for thei r products . 
Since location of consumptive market was independent of the distribution of 
25 
Table 5 . The number of FIS plants with more than 100% utilization of 
cattle s l aughter capacity in 1960, by regionsa 
Regions 
1 
4 
8 
11 
15 
16 
19 
20 
14 
18 
7 
17 
21 
23 
25 
States/major regions 
Massachusetts - North Atlantic 
Florida - South Atlantic 
Ohio - Nort h Central, East 
Illinois - North Central, East 
Iowa - North Central, N.W. 
Minnesota - North Central, N.W. 
Nebraska - North Central, N.W . 
S. Dakota - North Central, N.W . 
Missouri - North Central, S.W. 
Kansas - North Central, S .W. 
Tennessee - South Central 
Texas - South Central 
Colorado - Mountain 
New Mexico - Mountain 
California - Pacific 
Total for 26 regions 
a 
The number of plants were aggr egated from Table 3 . 
Number of 
plants which 
over-utilized 
their 
capacities 
1 
3 
1 
5 
8 
2 
12 
1 
2 
8 
1 
4 
4 
1 
2 
55 
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livestock production, a factor of considerable significance in determining 
the location of slaughter plants was the r e lative freight charge for 
carrying livestock as compared to processed products . 
2 . Total coounercial cattle slaughter: comparison of 1960 and 1969 results 
The estimates of capacities for total commercial cattle slaughter wer e 
developed according to the procedures outlined in Chapter III . The 
r egiona l estimates of capacity for total commercial cattle slaughter 
output, the actual slaughter volumes and the percent of capacity utilized 
are pr esented in Table 7. 
The regional total commercial cattle slaughter output, the estimates 
of slaughter capacities and their utilization as derived by Rizek et ~­
(34) ar e presented i n Table 6 . This is to be compared with the 1969 
r esults as presented in Table 7. The slaughter outputs and capacity 
es timates pr esented in the two tables are on a livewei ght basis . 
Generally, from 1960 to 1969, there were increases in cattle slaughter 
capacity , in actual slaughter volume, and in utilization of capacity in 
most of the r egions. As shown in Tables 6 and 7, within the nine -year 
period, estimated capacity increased from 33 billion pounds to 41 billion 
pounds. Actual slaughter volume increased from 25 billion pounds to 36 
billion pounds. Utilization of cattle slaughter capacity increased from 
76% to 87% in the same period . These were increases of 25%, 41% and 14% 
in capacity , actual output vo l ume and in the percent of capac i ty 
utilization r e spectively (Table 10) . 
Cattle slaughter capacity decreased on the East Coast regions 
(regions 1, 2, 4 and 5) and also in the East North Central regions 
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Table 6 . Estimated catt l e slaughter capaci t y, actual cattle slaughter 
and capacity utilized , 26 regions, 1960a 
Regions 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Total 
Estimated 
capacity 
(1,000 lb.) 
502 , 704 
2,794,019 
700,920 
449,070 
737,683 
574,166 
1,053,420 
1,642 ,874 
901 ,627 
861,840 
2,072,045 
1, 213,899 
499,701 
1, 254,155 
2 , 583 ,160 
1, 482,894 
3,058,282 
1,461,567 
2 ,448,835 
601,625 
1,058,793 
163,537 
333, 542 
664,501 
2 , 892 , 311 
1,056,808 
33,063,978 
aRizek !.!_ !!..!.· (34, pp. 15 and 34). 
Actual 
slaughter 
(1, 000 lb.) 
207,182 
2,096 , 137 
358,031 
281,225 
335,200 
432, 926 
513 , 235 
1,165,083 
650 , 251 
731,926 
1,483,093 
1,040,619 
246,301 
1, 105, 124 
2,667,793 
1,492,524 
1,598,624 
1,159 , 452 
2, 204,856 
463 , 670 
1,079,853 
120 , 951 
203 , 694 
446 , 788 
2, 540,572 
705,884 
25,330,994 
Percent of 
capacity 
utilization 
41. 2 
75.0 
51. l 
62.6 
45 .4 
75 .4 
48.7 
70 .9 
72 . l 
84 .9 
71.6 
85 . 7 
49 . 3 
88 .l 
103 . 3 
100.6 
52 . 3 
79.3 
90 . 0 
77 .1 
102. 0 
74 . 0 
61. l 
67.2 
87. 8 
66 . 8 
76.0 
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Table 7. Estimated cattle slaughter capacity, actual cattle slaughter 
and capacity utilized, 26 r egions, 1969 
Estimated Actual Percent of 
capacity slaughter capacity 
Regions (1) 000 lb.) (1,000 lb . ) used 
1 234,283 193,069 82 . 4 
2 2,209,670 1, 794, 117 81. 2 
3 2,125,533 419,941 19 . 8 
4 444,534 380,229 85 .5 
5 409,756 353,694 86 . 3 
6 653,380 513' 395 78 . 6 
7 876,561 801,227 91.4 
8 1,521,304 1,137,253 74.8 
9 748,866 645,933 86 .3 
10 799,206 707,320 88.5 
11 1,541,761 1,443,142 93 . 6 
12 1,532,046 1,394,889 91.1 
13 351,075 279 ,812 79 . 7 
14 1,731,734 1,607,212 92 . 8 
15 4,668,391 4,283,039 91. 8 
16 2, 288, 192 1,985,968 86 . 8 
17 4,225,092 3,347,997 79.2 
18 2,041,558 1,701,653 83 .4 
19 4,791,924 4, 343, 112 90.6 
20 1,081,246 911, 868 84.3 
21 2,058,140 1,803,041 87 .6 
22 277 ,608 226, 725 81. 7 
23 943 , 325 821,814 87.1 
24 812,688 704,255 86 .7 
25 4,056,958 3,022,980 74 . 5 
26 1,237,681 982,637 79.4 
Total 41,231,878 35 ,806,320 86 . 84 
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(regions 7, 8, 10 and 11). There were simultaneous decreases in actual 
slaughter volumes in regions 1, 2, 9, 10 and 11 . 
As shown in Tabl e 8, the East Coast regions continued to constitute 
a broad deficit beef - producing area. With over 39% of the nation ' s human 
population, this area had only 12 . 9% of the nation's ca ttle slaughter 
output in 1960 and only 8.8% in 1969 . Thus the deficit margin widened 
greatly in the nine-year period. While beef production actually 
decreased by 4.2%, human population increased by 12 . 8%. 
The principal surplus beef - producing regions were the Wes t North 
Central r egions (Table 8). These were regions 14, 15, 16, 18, 19 and 20 . 
With only 8% of the nation ' s human population, this area produced nearly 
36% of the nation's beef in 1960 and over 41% in 1969 . Within the nine-
year period, beef production increased by 63% while human population 
increased by only 6%. It can be inferred, therefore, that the West North 
Central regions expanded their beef production over the nine-year period 
to meet the increasing demand from the East Coast regions . 
The other four major r egions (Table 8) were more nearly in balance 
as between beef production and human population . On the whole , the 
nation ' s population increased by 13% while beef production increased by 
41% from 1960 to 1969 . 
The change in the regional distribution of cattle slaughter between 
1960 and 1969 followed closely the pattern of the changing structure of 
the meat packing industry, including especially the shifting location of 
plants from the terminal markets . 
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Ives (22) quoted Locklin as stating that "other things being equal, 
industries may be expected to locate near the source of raw materials 
which shrink in weight in the process of manufacture." This principle 
has dominated the location of packing plan ts in the United States. The 
pioneer industry naturally located near the source of raw materials 
(livestock). The development of the railroads during the last half of the 
nineteenth century provided the basis for a system of terminal markets and 
packing centers located primarily in the main livestock producing states . 
The development of the eastern beef trade, based on the refrigerator car, 
precipitated a r eg i onal struggle between eastern and western packers, in 
which Locklin's principle prevailed . Later, between the two world war s, 
hard roads and trucks freed s laughter ing estab lishments from the terminal 
market system, and packing facilities tended to shift still closer to 
sources of r aw materials. 
In recent years -- since about 1955 -- considerable publicity has 
been given to the ' 'decentralization" of the meat packing industry, meaning 
the closing of facilities located a t t erminal markets and the building of 
new plants (by new companies as well as the older companies) "in the 
country" . This shift has proceeded steadily since about 1947 . A 
continuation of this trend is eviden t from Tables 6 , 7 and 9. 
Despite the continuing shift of packing plants to locations nearer t o 
the farms and feedlots of the country , many slaughtering facilities 
continued to be located in the deficit cattle producing ar eas (Table 9) . 
In the East Coast, the number of federa lly-inspected cattle slaughter 
plants increased in regions 1 - 4 and the number of total commercial cattle 
32 
Table 9. Number of cattle slaughter plants, 26 regions, 1960 and 1969a 
FIS Total commercial 
Regions 1960 1969 1960 1969 
1 13 12 70 53 
2 71 72 733 420 
3 11 22 149 156 
4 5 8 49 45 
5 10 8 136 141 
6 13 11 89 112 
7 15 19 92 110 
8 27 26 21 8 210 
9 11 10 120 176 
10 4 6 179 165 
11 32 22 101 200 
12 18 19 56 123 
13 8 11 135 146 
14 14 15 60 70 
15 23 26 47 200 
16 12 16 31 270 
17 33 69 283 287 
18 16 21 83 141 
19 28 33 57 90 
20 5 9 13 92 
21 14 20 43 58 
22 6 8 42 49 
23 2 22 39 46 
24 14 19 86 111 
25 59 68 117 86 
26 24 38 128 132 
Total 486 614 2, 967 3,705 
al960 regional figures were calculated from (43, pp . 7 and 9) . 
1969 regional figures we r e calculated from (44, pp. 5 and 7). 
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slaughter plants increased in region 5 . Though this area decreased its 
beef production by 4% between 1960 and 1969 (Table 8) , slaughter capacity 
tripled in region 3 (Tables 6 and 7) while utilization of slaughter 
capacity in the other 4 regions increased to above 80%. Region 3 built in 
a large amount of excess capacity in the period. It s number of federally -
inspected cattle slaughter plants doubled, while its human population 
increased by about 25%. 
In addition to the fact that some livestock was produced in every 
s tate, a factor favoring the slaughter of cattle in the areas of large 
population was the importance of freshness. 
Other factors that have tended to prevent the location of slaughter 
plants from being identical with the map of livestock production include: 
regional differences in the availability of an adequate labor supply and 
of wage r ates, changes f rom time to time in transport ation faci lities and 
freight rates, and difficulties involved in abandoning exist ing plant 
locations. 
Points to be noted from the regional figures shown in Tables 6, 7 and 
8 include: 
(a) In general, the largest increases in cattle slaughter have been 
the areas of gr ea t es t livestock production; i . e., the W. North Central, 
the South Central and the Mountain Regions (with 63% , 77% and 92% increases 
r espective ly). 
(b) Regions 15, 16 and 21 were over- utilizing their capacities in 
1960. This r eflects a point earlier made, that is, slaughter plants had 
no choice other than to slaughter all the animals presented by farme rs. 
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These three regions in the surplus cattle producing areas had expanded 
their capacities by 1969 and as shown in Table 10, built in some excess 
capacity to cope with possible increases in cattle supply in the future. 
This can be r egarded as the planned component of excess capacity which is 
characteristic of the meat packing industry. 
It is worth noting that the federally-inspected cattle slaughter 
plants were only 19% of total commercial cattle plants, yet they 
controlled 88% of total cattle slaughter in 1969. It is reasonable to 
infer, therefore, that the FIS plants are very large and in continuous 
operation throughout the year. Thus the regions with large increases in 
the number of FIS plants either increased their utilization of existing 
capacity, or expanded and built in excess capacity to cope with possible 
future increases in cattle supply. Generally, additional new plants would 
result in increases in excess capacity unless obsolescent p l ants were 
phased out at the same time. 
B. Comparison Between Single -Plant Firms 
and Multi-Plant Firms 
The comparison between the single-plant firms and the multi-plant 
firms was based on the given data for the federally-inspected cattle 
slaughter plants. 
The firms were grouped into two: single-plant group and multi-plant 
group. The single-plant group consisted of one-plant firms while the firms 
in the multi-plant group each consisted of two or more plants . 
In this section, I attempted to examine the degree to which firms 
were unequal in size, and hence the extent to which they were unequal in 
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Tab l e 10. Per cent i ncreases in r egional cattle slaughter output, 
capacit y and capacity uti l izat ion between 1960 and 1969a 
Percent Percent Pe r cent 
increase increase increase 
in in in 
Regions capacity output utilization 
l - 53.4 6 . 8 100.0 
2 - 20 . 9 - 14.4 8 . 3 
3 203 . 2 17.3 - 61.3 
4 1. 0 35.2 36 . 6 
5 - 44 . 5 5 . 5 90 . l 
6 13 . 8 18.6 4.2 
7 - 16 . 8 56 . l 87 . 7 
8 7 . 4 2 .4 5 . 5 
9 - 17 . 0 0 . 7 19 . 7 
10 7.3 3 . 4 4 . 2 
11 - 25.6 2 . 7 30.7 
12 26.2 34 . 0 6 . 3 
13 - 29 . 3 13.6 61. 7 
14 38.1 45.4 5 . 3 
15 80 . 7 60 . 5 - 11.1 
16 54 . 3 33.1 - 13. 7 
17 38 . 2 109 . 4 51.4 
18 39 . 7 46 . 8 5. 2 
19 95 . 7 97.0 0 . 7 
20 79 . 7 96 . 7 9. 3 
21 94 . 4 67.0 - 14.1 
22 69.8 87 . 5 10 . 4 
23 182 . 8 303.5 42 . 6 
24 22.3 57 . 6 29.0 
25 40 . 3 19.0 - 15 . 0 
26 17.1 39.2 18.9 
Total 24 . 7 41.4 14. 2 
a 
The per centage increases were calculated from Tables 6 and 7. 
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market power . I also attempted to examine which of the two groups of firms 
had more variation in output and in capacity utilization . 
I used the Directory of Meat and Poultry Inspection (38) to aggregate 
the plants into fi rms. The p l ants which had the same or similar registered 
names were grouped as belonging to the same firms. 
1. Concentration and size variation 
One of the structural indicators reflecting the impact of change in 
an industry is the concentration and size variation of its component firms . 
As Anthony (4) poin t ed out, growth in the average size of industry occurs 
because of one or all of these three factors: (a) the average size of 
the firms increase in the period under consideration, (b) the entering 
firms are larger than the exiting firms, and (c) the size of persisting 
firms increases, while entering fi rms are more equal in size. 
The above three factors were no doub t some of the principal factors 
which affected the change in cattle slaughter output from 1960 to 1969 as 
outlined in Section A above. Within the period, total commercial cattle 
slaughter output increased from 25 billion pounds to about 36 billion 
pounds liveweight. The number of federally -inspected cattle slaughter 
plants increased from 486 to 614 while that of total commercial cattle 
slaughter plants increased from 2,967 to 3,705 . 
The extent to which the federally-inspected slaughter plants 
dominated the industry is shown by the r e lative percentage of their 
numbers and slaughter output. In 1960, the FIS cattle slaughter plants 
were only 19% of total commercial cattle slaughter plants, but turned out 
78% of the total cattle slaughter output. Similarly in 1969, the 
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federally-inspected cattle slaughter plants were only 17% of the total 
commercial cattle slaughter plants but they turned out 88% of the total 
catt le slaughter output. 
The larger the proportion of output accounted for by a few firms, the 
more the decisions of those firms affected the entire industry. A 1962 
tabulation by the U.S. Department of Agriculture, as reported by Ives 
(22), showed that 567 slaughtering establishments operated under federal 
inspection by 440 firms. In 1969, after eliminating the small plants as 
out lined in Chapter III, 583 federally-inspected cattle slaughter plants 
operated under 508 firms. Four hundred and seventy-five of these were 
single-plant companies . The remaining 33 firms each operated more than 
one plant. 
The large companies accounted for a substantial part of the country's 
total commercia l slaughter . However, the percentages have declined 
significantly since 1950. This is shown in Table 11. The four largest 
firms controlled over half of the total cattle slaughter of the federally-
inspected plants in 1950 . About 20 years later, they controlled only 18% 
of the total. Similarly, the 60.2% of total slaughter controlled by the 
ten largest firms in 1950 had shrunk to only 30.1% by 1969. It is evident 
from the table that the larger companies have experienced a shrinkage in 
their proportion of total industry output since 1950. This reflects the 
entry of many new companies into the meat business during the postwar 
years. 
It is worth noting that the ten largest companies were all multi-plant 
firms. As shown in Table 12, the cattle slaughter output of these firms 
38 
Table 11. Percentage of federally -inspected cattle slaught er accounted 
for by the four largest and the ten largest firms, specified 
years a 
Year 
1950 
1954 
1958 
1962 
1969 
4 largest 
51 . 5% 
54 . 2 
35.7 
29.5 
17.9 
a . 1950 - 1962 figures were from Ives (22, p. 202 ). 
10 largest 
60.2% 
55 . 2 
46 . 2 
39.9 
30.1 
Table 12. The 10 largest companies slaughtering cattle under federal 
inspection, and their output, 1969 
Catt le 
Number Number slaughter 
of of states output 
Firms plants of oper ation (million lb.) 
Iowa Beef Processors 8 4 2,085 
Swift & Co. 13 12 1, 727 
Armour & Co . 10 10 1,329 
Wilson Certified Foods 6 6 860 
American Meat Packers 3 3 857 
John Morrel & Co. 7 5 714 
Missouri Beef Packers 2 2 687 
Sioux City Dressed Beef 3 3 598 
Spencer Foods 2 2 501 
Union Packi ng Co . 3 3 457 
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ranged from 0 . 5 billion to 2.1 billion pounds liveweight in 1969 . Iowa 
Beef Processor s had 8 establishments in 4 states in 1969, while Swift & 
Co . had 13 estab lishments in 12 states . Some of these companies which have 
their products distributed throughout the country ar e referred to as 
"national packers". 
The eleventh largest federally-inspected cattle slaughter plant was 
a single- plant firm . This was Monfort Packing Company in Colorado. With 
370 million pounds liveweight of cattle slaughter, its output accounted 
for about 1 . 5% of total federally- inspected cattle slaughter . 
On the whole, there were 25 firms whose liveweight cattle slaughter 
output exceeded 200 million pounds in 1969 . Of these 11 were single-
plant firms . 
The concentration and s i ze distribution of the l ar gest 25 firms were 
more or l ess the same in 1969 as it was in 1968. The t en largest 
companies in 1969 were the same as in 1968. However, the liveweight of 
thei r cattle slaughter output ranged from 424 million pounds to 1,996 
million pounds in the previous year. The first six firms were unaltered in 
order of rank. However, the Missouri Beef Packers moved from the tenth 
rank in 1968 to the seventh rank in 1969, and thus beat the remaining 
three fir ms a step down in order. Twelve of the next fifteen fi r ms were 
also slaughtering over 200 million pounds in the previous year . The other 
three were slaughtering less than 200 million pounds in the previous year. 
While the firms vary gr eatly in size, the size patter n (at least among 
the large firms), and possibly market power, remained fairly stable over 
the two- year period. 
/ 
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2 . Comparison of variations within single- plant and multi -plant 
groups of fi r ms 
Firm output of cattle slaughter among the single-plant fi r ms ranged 
from 303,680 pounds to 370 million pounds in 1969 while firm output among 
the multi - plant group ranged from 7 million to 2.1 billion pounds in the 
same year . The per firm average in the two groups of firms were 39 . 5 
million and 374.5 million pounds, respectively. 
The pattern of variation in the utilization of firm ' s cattle slaughter 
within the two gr oups of firms was also different. The plant s with the 
lowest and highest percentages of capacity utilization among the 
federally - inspected cattle plants were in the single- plant gr oup. The 
range within the single- plant group was 1.2% in Michigan to 115% in 
Florida . The average percent of capacity utilization among this gr oup 
was 74 . 8; out of a total of 55 plants which over- utilized their capacity 
in 1969, 22 belonged to the single-plant group. 
Among the 33 multi-plant firms , the average capacity utilization per 
firm in 1969 was 85 . 3% . Except for two firms, all the firms utilized over 
half of their slaughter capacities. Six of the firms over-utilized thei r 
capacity; four of these were among the largest 10 firms in the industry . 
The pattern of weekly variation in the two groups of f i rms wer e also 
different . The procedure for deriving the weekly estimates of capacity 
and its utilization follows a similar patter n as that used to derive the 
annual estimates outlined in Chapter III. 
The weekly ave r age output and capacity utilization per firm in each 
group are pr esented in Table 13. The table shows that per firm output and 
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Table 13 . Ave rage output and capacity utili zation per firm in the 
single -p lant and multi - plant fir ms, by weeks, 1969 
Single-plant fi r ms Multi - plant fi r ms 
Percent of Pe r cent of 
Output capacity Ou,tput capacity 
Weeks (l) 000 lb.) utilization (1,000 lb . ) utilization 
1 348 70 3,333 83 
2 819 70 7,159 76 
3 823 69 7,764 80 
4 779 64 7, 349 74 
5 756 62 6,893 70 
6 772 64 7,145 73 
7 759 63 7,025 72 
8 745 75 7, 285 90 
9 762 63 7,370 75 
10 748 63 7,108 74 
11 740 63 7,105 74 
12 742 62 6,893 72 
13 725 62 6,695 71 
14 675 59 6,265 66 
15 697 60 6,988 71 
16 715 61 6,368 67 
17 740 63 6, 966 72 
18 745 63 7 ,Oll 73 
19 745 64 6,922 72 
20 737 63 6,916 73 
21 733 63 6,860 71 
22 645 67 6,310 80 
23 749 65 6,970 73 
24 755 64 6,956 73 
25 755 65 6,913 72 
26 759 65 7,066 73 
27 625 66 6,343 79 
28 767 66 7,430 76 
29 781 66 7,438 78 
30 743 64 7 ,011 75 
31 741 64 7, 310 76 
32 770 66 7 ' 926 79 
33 774 67 7,520 76 
34 770 67 7,203 77 
35 802 67 7,930 83 
36 701 59 6,760 71 
37 843 72 8,209 88 
38 817 70 7,881 83 
39 810 86 7) 962 104 
40 788 68 7) 596 82 
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Table 13 . (Continued) 
Single -plant firms Multi -plant firms 
Percent of Percent of 
Output capacity Output capacity 
Weeks (1, 000 lb.) utilization (l, 000 lb . ) utilization 
41 802 68 8, 148 85 
42 805 69 7, 972 83 
43 816 70 7,878 85 
44 821 70 7,854 85 
45 813 69 7,759 85 
46 766 83 7,224 99 
47 7 56 67 6,939 77 
48 614 67 6,762 87 
49 778 68 7,295 73 
so 792 68 7,746 81 
51 743 64 6 , 860 74 
52 55 1 54 5,883 71 
utilization in the single- plant firms were in every week less than those of 
the other gr oup. It can be generally inferred, therefore, that the weekly 
cattle slaughter output and pe r cent of capacity utilized by the single -
plant fi r ms we r e less than those of the multi -plant firms . Although the 
annual figures show that some of t he single -plant firms were much lar ger 
than the multi-plant firms (Section IV.A), the figures in Table 13 with 
the annual figur es already given show that quite a number of the multi -
plant firms were rea l ly very large . A fir m operating one or more plants 
in addit i on to the original one was not necessarily a matter of pure chance 
nor of locational convenience. It represented r ea l expansion of slaughter 
capacity and output . Thus, simultaneously the multi -plant f i rms in eve ry 
week maintained higher percentages of capacity utilization . 
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The graph (Fig . 1) shows that capacity utilization in both groups 
follows more or less the same pattern. The New Year week had relatively 
high per centages in both groups, in spite of the New Year holiday and the 
fact that there were only three official work days that week. This implies 
that the plants might have either slaughtered on the nonwork days or worked 
overtime on the work days apparently to cope with the high beef demand 
which might have occurred during the New Year celebrations . 
The four weeks which followed the New Year showed a decline, then a 
rapid pick up, followed by an equally rapid decline. There was less 
variation in the spring through summer, probably because of the good 
weather, people went out more regularly to buy the ir meat f r esh than they 
did in the winter time. 
The percentages in both groups were generally higher during the late 
summer and fall. This reflects the pattern of seasonal variation in the 
marketing of slaughter cattle . Ives (22) observed that the culling and 
marketing of the breeding stock (cows and bulls), and also the movement of 
"gr ass cattle" from the range country were greatest in late summer and 
fall. Since the slaughter plants had little control over the number and 
timing of cattle marketed, they had to slaughter all the animals sold to 
them. It is no wonder then that the peaks in the weekly utilization of 
cattle slaughter capacity were in late summer and fall. 
The firm-to-firm variations within the two groups of firms were 
statistically compared to see if there were significant differences in 
their slaughter output and capacity utilization. Using the 
test of the equality of two variances outlined in Chapter III, the annual 
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Figur e 1. Weekly variation in per firm capacity utilization, single-
plant and multi - plant firms , 1969 
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variations of the two groups as well as their weekly variations were 
compared. 
The mean squares of annual cattle slaughter output and of annual 
capacity utilization were calculated for each of the two groups . The 
results are shown in Table 14 (a) and (b). The F-values were tested with 
Fisher's one-tailed F-test. 
As shown in Table 14(a), the output variation among the multi -plant 
firms was significantly more than that among the single-plant firms . Its 
F-value, 71 . 94 exceeded F(474, 32, .995) = 1.93. On the other hand, as 
shown in Table 14(b), the variation in capacity utilization was significantly 
greater among the single-plant firms than among the multi-plant firms. The 
calculated F-value, 2.45 was greater than the tabulated F(474, 32, .995) = 
1.93. 
The weekly variations within the two groups of firms were also 
compared to see if the differences were significant. The results (Table 
15(a) ) show that the weekly variation in slaughter output was significantly 
more among the multi-plant firms. The calculated F-value, 6.2, was 
greater than the tabulated F(51, 51, .995). On the other hand, Table 15(b) 
shows that the weekly variation in capacity utilization was significantly 
greater ~among the single-plant group. 
Both the firm-to-firm and the weekly variations in output were 
greater in the multi-plant group than in the single -plant group. In 
contrast, the firm-to-firm and the weekly variations in capacity utilization 
were significantly greater amopg the single-plant group. These results are 
not surprising. The large variations in output in the multi-plant group 
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Table 14 . Analysis of variancea 
Source of 
variation 
(a) Group variation 
Single- plant 
Multi -plant 
(b) Group variation 
Single-plant 
Multi -plant 
d. f. 
in firms' 
474 
32 
in firms' 
474 
32 
m.s. f-value 
annual cattle slaughter 
3,076,978 x 10
9 
2,213,471 x 1011 71 . 94 
annual capacity utili za tion 
653. 71 2 .45 
267 .15 
f . 005 
1. 93 
1. 93 
8-rhe mean squares were calculated from the weekly averages (per 
firm) of each group . 
Table 15. Analysis of variance 
Source of 
variation d . f . m.s. £-va lue f . 005 
(a) Week ly variation in cattle slaughte r output 
Single -plant 51 2,909 billion 
Multi-plant 51 18,177 billion 6.2 1. 96 
(b) Weekly variation in capacity utilization 
Single -plant 51 1. 337 7 . 6 1. 96 
Multi-plant 51 0. 176 
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were partly due to the fact that the number of plants comprising a multi-
plant group varied greatly. On the other hand, this group revealed less 
variation in capacity utilization because its component firms were very 
large, with relatively stable and continuous slaughter throughout the 
year. Almost all of the firms in the multi-plant group utilized more 
than half of their cattle slaughter capacity (Section A above). 
C. Factors Affecting Cattle Slaughter Output 
and Capacity Utilization 
I discussed in Sections A and B of this chapter how cattle slaughter 
output and capacity utilization, using 1969 data, varied among the 
slaughter plants, among the regions, between groups of firms and also from 
week to week. This section is concerned with the discussion of some factors 
which influence these variations. The main focus of this section is on 
part (1). Here an attempt was made to identify some factors which 
affected the plant's utilization of its cattle slaughter capacity. In 
part (2) I discuss generally the factors which influence regional variations 
in cattle slaughter output. 
1. Factors affecting a plant's utilization of its cattle slaughter 
capacity 
I used the multiple regression analysis to identify some factors which 
I expected to influence capacity utilization by a cattle slaughter plant. 
Hence I fitted a regression equation which could predict the percentage 
of cattle slaughter capacity utilized by the plant. 
Using 1969 data, a total of 485 federally-inspected cattle 
slaughter plants were used in the regression analysis. The dependent 
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variable, Y, and the explanatory variables, X's and Z' s ar e defined 
below: 
Y = percent of annual capacity utilized by the plant. 
x
1
= total cattle slaughter ou t put of the plant fo r the year. 
x
2
= t he number of days on which the plant slaughter ed cattle in 
the year. 
x = 
3 
the number of livestock species slaughte r ed by 
the year. 
z = 
1 
1 if t he plant was engaged in meat processing . 
= 0 if otherwise. 
z = 
2 
1 if the plant was boning. 
= 0 if otherwise. 
z = 
3 
1 if the plant had no sealed cars. 
0 if otherwise. 
z = 
4 
1 if the plant processed edible fat . 
= 0 if otherwise. 
z
5
= 1 if the plant processed inedible fat . 
= 0 if otherwise. 
the plant in 
x
1 
r epr esents the size of the plant with respect to cattle slaughter . 
This var iable was included so as to find out whether or not the size of a 
plant influenced how much of its slaughter capacity it utilized. 
I f the daily rated slaughter capacity (as defined in Chapter III) 
we r e the same for all plants, then the percent of capacity utili zed by a 
plant would be a func t ion only of x
1
, the plant's annual slaughter volume. 
However, it is known (Chapter III) that the daily r ated capacity was not 
49 
the same for all the plants, therefore x
1
, though a possible explanatory 
variable, cannot be the only one. 
For any particular plant, its annual volume of slaughter is a 
function of its rate of output pe r unit of time and the length of time it 
operates. Thus for this study in particular, x
1 
equa ls x
2 
times the 
daily rate of output. If the daily rate of output were constant for all 
plants, then x
1 
would be a function of x
2 
only. However, I expected that 
the daily rate of output to vary from plant to plant . Therefore X1 and X2 
were included as independent variables in the model. 
Another possible explanatory variable is x
3
, the number of species 
which a plant slaughter ed. A typical federally-inspected slaughter plant 
slaughter ed hogs, calves, sheep and lambs, as well as cattle . Since the 
slaughter plants had little or no control over the supply of livestock in 
the market, it would be expected that a plant which had a short supply of 
one species would switch its operations to other species for which it had 
a supply. All other things being equal, a plant which slaughtered only 
cattle would take more trouble to ensur e a r egular supply of cattle, so 
as to keep up its operation . Such a plant would tend to utilize more of 
its cattle slaughter capacity than a plant which slaughtered other 
species. Thus x
3 
might explain some of the variations in Y. 
The dummy variables z
1
, z2, .. . , z5 were included because of their 
possible influences on Y. Since meat slaughtering industry includes 
plants that slaughter meat animals and may or may not process meat 
products, it is expected that whethe r or not a plant engages in meat 
pr ocessing wou l d influence its utilization of slaughter capacity . 
so 
According to Ives (22), the number of livestock slaughter plants in 1964 
was about twice those which only processed meat, yet the meat slaughtering 
plants did nearly six times the dollar value of the meat processing 
plants . Besides, the volume of processed meat products shipped by meat 
slaughtering plants was nearly one and one-half times that of the meat 
processing plants. For this reason, z1 was included as a possible 
explanatory variable in the r egression . 
Some slaughter plants engaged in boning activity while others did 
not. z
2 
was included in the regression to assess how much influence 
boning had on a plant's utilization of cattle slaughter capacity. 
Ives (22) described the refrigerator car as the most significant of 
all the innovations which had contributed to the development of the 
livestock and meat economy of the United States. It was discussed under 
Section A of this chapter how the location of consumptive market of meat 
was independent of the distribution of livestock production. Ove r the 
years, slaughter plants moved nearer and nearer to the source of livestock 
production. The use of r efrigerated cars had helped the distribution of 
meat to all parts of the nation . Without refrigerated cars, the 
processing of fresh meat would have had to remain close to the consuming 
centers . Thus the availability of sea led cars would tend to help meat 
packers extend their plant sales operations hundreds of miles beyond their 
plants. I have therefore included z
3 
in the regression so as to assess 
the influence of re f rigerated cars on a plant's utili ?.ation if its cattle 
slaughter capacity. 
·. 
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There are some meat packing plants whose ope r ations include products 
that are related only indirectly, or not at all, to meat . Similarly, 
there are firms whose meat operations ar e secondary to their major lines 
of manufacturing. Such operations are edible fat and inedible fat 
processing, z
4 
and z
5 
r espectively in the r egr ession . They were included 
in the regression so as to evaluate how much influence these operations 
had on the plant's utilization of cattle slaughter capacity. 
The regr ession model fitted was 
y 8 + 
0 
3 
r 
i=l 
a.x. + 
1 1 
5 
E 
j=l 
a.Z. + e 
J J 
with the assumptions that e was normally and independently distributed 
2 with mean zero and variance o , and that the X's and Z's were fixed and 
independent. 
The B. ' s and a. 's were expected to be the best linear unbiased 
1 J 
estimator s of 8. ' s and a. 's. 
1 J 
The above model was fitted with the stepwise r eg r ession procedure as 
described in Chapter III. The selection value for entering and reject ing 
an independent variable was fixed at a = 0.05 risk level . The F-value 
was also tested at a = 0.05 risk level. 
The step to step results are presented in Table 16. The stepwise 
reg ression selected as its best regression equation, 
A 
Y = - 2 . 935 + 0.367X2 - 0.853X3 + l.902Z4 + l.875Z5 . 
Thus, according to the prediction equation , the percent of cattle 
slaughter capacity utilized by a plant was a function of the number of 
days the plant slaughtered cattle (X
2
), the number of the other livestock 
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Table 16 . Stepwise regression equations for plant's utilization cattle 
slaughter capacity 
Steps Equations 
A 
Step 1 y = - 7.75 + 0 . 376X2 
~ 
Step 2 y = - 7 . 43 + 0 . 370X2 + 2 . 64525 
~ 
Step 3 y = -3. 01 + 0 . 372X2 0.930X3 + 2.79925 
A 
Step 4 Y = - 2.935 + 0.367X
2 
- 0.853X
3 
+ l.902Z
4 
+ l . 875Z
5 
species it slaughtered (x
3
) and its engagement in the pr ocessing of 
edible and inedible fat. 
. 896 
.899 
. 902 
.905 
Increasing by one the number of days on which the plant slaughtered 
cattle would cause an increment of 0.367 in the percent of capacity 
utilized by the plant. It is not surprising that x
3 
had a negative 
coefficient. As explained earlier in the chap~er, a plant slaughtering 
other animal species, as well as cattle, would tend to shift its operations 
to other animals if it were faced with a shortage of cattle supply . On the 
o ther hand, a plant slaughtering only cattle would try as much as possible 
to ensur e a regular supply of cattle all the time, so as to keep up a 
continuous operation. Such a plant would therefore tend to utilize more 
of its cattle slaughter capacity . Thus according to the prediction 
equation, increasing by one the number of livestock species slaughtered by 
a cattle plant decreased its percent of cattle slaughter capacity utilized 
by 0.853 . 
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A cattle slaughter plant increased its percentage of capacity 
utilization by 1.902 if it processed edibl e fat and by 1 . 875 if it 
processed inedible fat. 
According to the regression equation, a plant which did not 
slaughter any livestock at all for a whole year (i . e ., x
2 
= x
3 
= 0 in the 
equation) but engaged in edib le and inedible fat processing would utilize 
-2.935 + 1 . 902 + 1 . 875 = 0.842 
percent of its catt l e slaughter capacity. It can be interpreted that only 
0.8 percent of its cattle slaughter facilities was useful in fat processing . 
The negative intercept implies that if a cattle slaughter plant 
closed down all its livestock slaughtering activity in a particular year 
and did not engage in any fat processing, there would be a zero 
utilization of its cattle slaughter capacity. Probably some of its 
facilitie s were suitable only for cattle slaughtering . Such facilities 
would not only be lying idle but would result in a real loss to the 
plant . 
It was found that the volume of a plant ' s cattle slaughter did not 
significantly affect how much of its capacity it utilized . Since volume 
of slaughter was an indicator of a plant's size, a plant probably built 
its capacity according to its size, so that how much of that capacity 
was util i zed would not be a function of its size. 
I n the same way, the dummy variables, z
1
, z
2
, and z
3 
each had no 
significant effect on a plant ' s capacity utilization . 
The order of importance of the significant factors was assessed with 
the analysis of var iance table (Table 17). 
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Table 17. Analysis of variance 
Source of Partial 
variation d. f. s.s m.s. f f.05 
Total (corrected) 484 
Regression/60 4 219,088 . 8 48,317.8 911. 8 2.39 
Due to x2 1 3,763 . 9 3.86 
Due to ZS 1 5. 2 3 . 86 
Due to x3 1 11. 5 3 . 86 
Due to z4 1 4 . 2 3 . 86 
Error 480 23,019.64 48.08 
The table shows that, regardless of the order of introduction of the 
variables, x2 , the number of days on which cattle was slaughtered by t he 
plant, was the most important variable. The partial F-values show that 
its contribution in the reduction of the r esidual sum of squares was the 
largest . The next important variable was x
3
, the number of livestock 
species slaughtered by the plant. Inedible fat processing and edible fat 
processing were next respectively in order of importance. It is not 
s urprising that inedible fat processing was a more important factor than 
edib l e fat processing. Edible fats are processed mainly from vegetable 
fats and hence will r elate only indirectly to meat slaughtering operation . 
Inedible fats, on the other hand, are processed from animal fats and have 
more direct r elationship with meat slaughtering than inedible fat 
processing. 
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2 . Fac tors af fecting r egional cat tle slaughter and capaci ty utilization 
It was fully discussed in Section A that a very important factor 
influencing variation in r egional cattle slaughter was t he nearness to 
the source of cattle s upply. It was shown in Tabl e 8 that the largest 
increases in cattle slaughter between 1960 and 1969 were the a reas of 
gr eat est livestock production . 
Di ffe rences in human population was ano t he r major factor influenc ing 
regional variations in beef production , as was also discussed in Section A. 
Thus freshness of product favors the slaughte r of cattle in areas of large 
population even if they were defici t cattle pr oducing areas. 
Othe r import ant factors included r egiona l diffe r ences in the 
availabil ity of an adequate labor s upply and of wage rates. Changes f rom 
time to time in transpor t a tion faci lities and freight r a t es and thei r 
r elative differences between major cattle producing r egions and beef 
consuming regions wer e a lso ve ry important i nf luencing factors in the 
location of catt l e slaughter plants and, hence, in the r egional differences 
in beef production. 
A few simple regr essions wer e run to find the r elationship in the 
regional c hanges in output, changes in capacity and changes in capacity 
utilization between 1960 and 1969. 
Equation l(i) in Table 18 shows t hat the increases in a region ' s 
output was not a s i gnifican t factor in influencing i nc reases in the 
regional utilization of cattle slaught er capacity. The coefficient of 
e lastic ity shows inelastic response . 
Similarly, in Equation l(ii) the change in r egional 
capacity utili zation was i nelastic to changes in 
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slaughter capacity. However the regression coefficient in this equation 
was highly significant and 36% of the total variation in the dependent 
variable was explained. 
With Equation ( 2) it is shown that the change in regional slaughter 
capacity was responsive to changes in capacity utilization, but inelastic 
to its percentage increases in slaughter output . Thus by how much a 
r egion expanded its capacity was mainly determined by how intensively it 
utilized its original capacity. However both the coefficients of the two 
variables in this equation were highly significant and 83.6% of the total 
variation was explained. 
The price of beef cattle was an important influencing factor on the 
r egional utilization of cattle slaughter capacity in 1960 . By 1969, the 
regional differences in cattle prices were no longer an important factor. 
This might have been accounted for by the fact that by 1969, the 
decentralization trend had advanced gr eatly and most plants were near the 
source of the ir supply. 
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V. SUMMARY AND CONCLUSIONS 
The livestock industry of the United States is characteri zed by 
regional and seasonal variations in the volume of slaughter output . Since 
the slaughter plants have to build their capacities big enough to handle 
peak volumes of livestock marketings, it is unavoidable that there would 
be periods when the slaughter plants would under-utilize their slaughter 
capacities . 
In investigating the variations in output and capacity ut ilization in 
the cattle slaughter industry, I first developed estimates of slaughter 
capacity and its utili za tion both on plant basis and on regional basis. 
I found that cattle slaughter output was largest in the fall and 
lowest in the winter (Table 13) . This result rightly fol lows from the 
fact that most of the beef cattle were marketed in the late summer and fall 
months . This supports Ives' view ( 22) that it was the farmers who 
determined the volume of meat produced at any period of time. 
Both Table 13 and Figure 1 show that the utilization of slaughter 
capacities were also highest during the late summer and fall. Since there 
was no over-utilization of slaughter capacity during this peak period, it is 
implied that a lot of excess capacity must have existed during the months of 
low cattle marketings . This conclusion is supported by Figure 1. 
A multiple r egression was fitted to identify the factors which 
influenced a plant's utilization of annual capacity. I found that the 
number of days on which the plant slaughtered cattle in the year was the 
most important influencing factor . The percent of slaughter capacity 
utilized by the plant varied directly with the number of days on which 
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cattle was slaughtered. 
The next important variable was the number of livestock species 
slaughtered by the plant . The more the number of livestock species the 
plant slaughtered the less it utilized its cattle slaughter capacity . All 
other things being equal, a plant slaughtering only cattle would try to 
ensure regular supply of cattle to its plant and thus utilize more of its 
cattle slaughter capacity than a plant which slaughtered cattle in 
combination with other livestock species. 
Other factors influencing a plant ' s utili zation of its cattle 
slaughter capacity were edible fat processing and inedible fat processing 
Inedible fat pr ocessing was found to be more influential than edible fat 
processing. This might be because edible fat was processed mainly from 
vegetables while inedible fats are processed mainly from animal fat and 
are therefore more r elated to cattle s laughtering than edible fat. 
The volume of a plant's annual slaughter of cattle was found not to 
have any significant effect on utilizat ion of cattle slaughter capacity. 
Whether or not a plant had r efrigerated cars was found to be an 
insignificant factor. Meat processing and boning activity was also found 
not to affect utilization of cattle slaughter capacity . 
The regional cattle slaught er output of all commercial 
cattle slaughter plants in 1969 ranged from 193.1 million in region 1 to 
4 . 34 billion pounds liveweight in region 19 (Table 7). In 1960 the range 
was from 121 million pounds in region 22 to 2 .67 billion pounds in region 
15 (Table 6) . Ove r the nine-year period, cattle slaughter liveweight output 
increased from 25 . 33 billion pounds to 35.81 billion pounds. Total 
slaughter capacity also increased by 24 .7 percent . Seventy- six percent 
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and 86 .43% of total cattle slaughter capacity was utilized in 1960 and 1969 
r espectively. 
The surplus beef producing regions were the West and North Central 
regions. With only 8% of the nation's human population, this area produced 
36% and 41% of the total cattle slaughter output i n 1960 and 1969 
respectively. Over the nine-year period, total cattle slaughter increased 
by 63% while human population increased by 6%. 
The surplus beef produced must have been shipped mainly to the deficit 
beef producing r egions of the East Coast. With 39% of the nation's human 
population this area produced 12.9% and 8 . 8% of total cattle slaughter in 
1960 and 1969 respective ly. While beef production decreased by 4 . 2% over 
the nine- year period, human population increased by 12.8% in this area . 
Though generally there have been increases in r egional catt l e 
slaughter output between 1960 and 1969, more or less the same r elative 
ranking among the regions was maintained in 1969 as in 1960. 
Iowa, Nebraska and California wer e the three leading sing l e-state 
producing regions in 1969 as was 1960, though the ranking among them had 
changed. The fourteen regions producing below a billion pounds of cattle 
slaughter each were the same in 1969 as in 1960, though the ranking had 
changed among them. The r egions producing between one billion and two 
billion pounds of cattle slaughter in 1960 were mor e or less the same 
regions in 1969. In 1960, the largest four regions were producing between 
2. 0 and 2.8 billion pounds of cattle slaughter; in 1969, the largest four 
regions produced between 3 . 0 billion and 4.4 billion pounds of cattle 
slaughter . 
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In recent years, the price of beef has been soaring . Since price is 
determined by supply and demand, and since the per capita consumption of 
beef is relatively stable all the year round irrespective of the r egion, 
it is important to know how much seasonal and r egional variation there is 
in the supply of beef. Such knowledge would be useful in planning how the 
varia tions could be levelled out. 
Measurement of an industry's capacity and its utilization is an index 
of assessing its productivity and efficiency. The variations in capacity 
utilization a lso help to assess the effect of uncertainty on the industry. 
Changes in the rate of capacity utilization affect investment, prices and 
productivity . In the last two years, beef prices have been on the rise. 
Most of the pr ice rises can be traced back to cattle farmers in their 
struggle to get a bigger share of the national income . It is hoped, 
therefor e, that knowledge of capacity utilization, directly or otherwise, 
would help in investment plans and in the determination of price levels . 
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